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Objective: To estimate maternal syphilis and its associated adverse pregnancy outcomes in India, Nigeria, and
Zambia.Methods: An online estimation tool was used to generate point estimates and uncertainty ranges of ma-
ternal syphilis and adverse pregnancy outcomes due to mother-to-child transmission (MTCT). The most recent
data (2010–2012) on antenatal care coverage, syphilis seroprevalence, and syphilis screening and treatment
coverage at the subnational level in India, Nigeria, and Zambia were used to estimate disease burden for 2012.
Sensitivity analysis was conducted for three screening and treatment scenarios (current coverages, current
coveragesminus 20%, and ideal coverages consistentwithWHO targets for eliminatingMTCT of syphilis). Results:
A total of 103 960, 74 798, and 9072 pregnant women with probable active syphilis were estimated to occur in
India, Nigeria, and Zambia, resulting in 53 187, 37 045, and 2973 adverse outcomes, respectively; approximately
1.6%, 4.8%, and 37.0% of thesewere averted under the current service coverages in India, Nigeria, and Zambia. The
disease burden varied signiﬁcantly in its subnational distribution within India and Nigeria, but was distributed
evenly across Zambia. Conclusions: The obtained results suggest an ongoing, unaverted high burden of maternal
syphilis and associated adverse outcomes in India, Nigeria, and Zambia. Screening and treatment for syphilis
must be scaled-up signiﬁcantly in these countries to achieve elimination of MTCT of syphilis.
© 2015 World Health Organization; licensee Elsevier. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Background
Syphilis remains amajor social andpublic health burden globally de-
spite its relatively simple prevention and treatment. It is of particular
concern in pregnancy given the risk of mother-to-child transmission
(MTCT) [1,2], which causes signiﬁcant perinatal morbidity and mortali-
ty, particularly in low-resource countries [2]. Untreated maternal
syphilis can result in a signiﬁcant reproductive health burden androl and Institute of Dermatology,
dical College, 12 Jiangwangmiao
lsevier. This is an open access articlecontributes to syphilis-associated adverse pregnancy outcomes, includ-
ing stillbirth and late fetal loss, neonatal death, premature and low birth
weight infants, and congenital syphilis [3].
In 2007, theWHO launched the global initiative to eliminate congen-
ital syphilis [1]. Three regions (Americas, Asia-Paciﬁc, and Africa) have
initiated local efforts focusing on the dual elimination of MTCT
(EMTCT) of HIV and syphilis [4–6], thus striving to improve maternal
and child health and contribute to the achievement of Millennium
Development Goals 4, 5, and 6 [7].
Routine reporting and periodic estimation of maternal syphilis and
its associated adverse outcomes facilitate monitoring of disease burden
and assessment of the impact of initiatives at a global or regional level
and of EMTCT programs at the national or subnational level. The WHO
recently reported global and regional estimates of the burden of mater-
nal syphilis and related adverse outcomes for 2008 [8]. These estimatesunder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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with probable active syphilis (PAS), accounting for approximately 1%
of all pregnancies worldwide. Africa and Asia are regions with high
disease burden, representing 39.3% and 44.3% of the global estimate,
respectively. Nevertheless, despite their use, global and regional esti-
mates may not exemplify the status quo at the national or subnational
level, which may be more useful for programmatic purposes.
In 2013, the Bill andMelindaGates Foundation, alongwithWHOand
PATH, selected India, Nigeria, and Zambia to participate in theDual Test-
ing to Eliminate Congenital Syphilis (DTECS) project, which explores the
feasibility of achieving the EMTCT of syphilis within existing prevention
of MTCT of HIV programs. As part of the DTECS project, the present
study estimates subnational and national disease burdens of maternal
syphilis and related adverse outcomes based on the available national
data sources for 2012 in India, Nigeria, and Zambia.
2. Material and methods
2.1. Estimation process
Estimation in each countrywas conducted through consultative pro-
cesses involving key stakeholders, including the National AIDS Control
Organization under the Ministry of Health and Family Welfare in
India, the National AIDS/STI Control Program of the Federal Ministry of
Health in Nigeria, and the Ministry of Community Development,
Mother, and Child Health and the Ministry of Health in Zambia.
Presentation of the estimation methods, including the data needed
and the assumptions proposed, was provided by an expert fromWHO,
followed by an intensive discussion to explore available data from dif-
ferent sources among national program managers and WHO country
ofﬁcers in each of the three countries. Consensus on the data and as-
sumptions used for estimation was agreed prior to each estimation
exercise. Draft estimates were reviewed by key stakeholders, who pro-
vided comments and anynecessary improvements before ﬁnalization of
the estimates.
2.2. Estimation model and tool
A health service delivery model involving calculation of the number
of pregnantwomenwith PAS infection and the number of adverse preg-
nancy outcomes associated with syphilis was developed by WHO and
reviewed and approved by the Child Health Epidemiology Reference
Group. Details of the model have been reported elsewhere [8]. In this
model, PAS infection was deﬁned as seropositivity on both treponemal
and non-treponemal tests. Adverse pregnancy outcomes included still-
birth/early fetal death, neonatal death, prematurity/low birth weight,
and congenital syphilis. Stillbirth was deﬁned as death of a fetus of
at least 28 weeks of gestation or at least 1000 g weight, and early
fetal death as fetal death occurring from 22 − 28 weeks of gestation
(i.e. second and early third trimester) [9].
The number of women with PAS infection was calculated as the
product of the number of pregnant women and prevalence of seropos-
itive women with both treponemal and non-treponemal syphilis test
positivity. A correction factor was used to adjust the prevalence if only
one test type was used to determine seropositivity. The number of ad-
verse pregnancy outcomes in pregnant women with PAS infection was
calculated as the product of the number of infected pregnant women
and the probability of those women having a syphilis-related adverse
outcome without treatment.
The probabilities of syphilis-related adverse outcomes occurring
without effective treatment were 0.21 for stillbirth/early fetal death,
0.09 for neonatal death, 0.06 for prematurity/low birth weight, 0.16
for congenital syphilis, and 0.52 for any adverse outcome [3]. The effec-
tiveness of screening and treatment with penicillin in averting adverse
outcomes was 0.82 for stillbirth/early fetal death, 0.80 for neonataldeath, 0.64 for prematurity/low birth weight, 0.97 for congenital
syphilis, and 0.84 for any adverse outcome [10].
An Excel spreadsheet tool (Microsoft, RedmondWA, USA) based on
the 2008 estimationmodel was developed byWHO [11]; the estimation
was centered upon a health service delivery model involving four esti-
mation steps [8]. By entering the background data (number of pregnant
women, seroprevalence of syphilis, and antenatal care (ANC), syphilis
screening, and treatment coverage rates) at subnational level and the
corresponding assumptions described above (namely, probability to de-
velop adverse outcomes without effective interventions and probability
to avert these with effective treatment), the spreadsheet automatically
generated estimates of the number of pregnant women with PAS
infection who did or did not attend ANC, as well as the incidence of
each syphilis-related adverse pregnancy outcome. The national
estimate was calculated as a sum of the subnational estimates. An
approximate uncertainty at subnational level for the estimate of preg-
nant women with PAS was calculated using the delta method and a
5% relative error for seroprevalence of syphilis, the number of pregnan-
cies, and the correction factor for the estimated proportion of women
with PAS. The subnational uncertainties were summed to obtain the
national uncertainty.
The estimation covered all subnational regions in each of the three
countries. Based on data available at subnational level, subnational esti-
mations were conducted in 35 units at state level (Andhra Pradesh,
Arunachal Pradesh, Assam, Bihar, Chhattisgarh, Goa, Gujarat, Haryana,
Himachal Pradesh, Jammu and Kashmir, Jharkhand, Karnataka, Kerala,
Madhya Pradesh,Maharashtra, Manipur,Meghalaya,Mizoram, Nagaland,
Odisha, Punjab, Rajasthan, Sikkim, Tamil Nadu, Tripura, Uttar Pradesh,
Uttarakhand, and West Bengal) or union territory level (Andaman and
Nicobar, Chandigarh, Dadra and Nagar Haveli, Daman and Diu, Lakshad-
weep, National Capital, and Puducherry) in India, six subnational units
at regional level (North Central, consisting of Benue, Federal Capital
Territory, Kogi, Kwara, Nasarawa, Niger, and Plateau; North East,
consisting of Adamawa, Bauchi, Borno, Gombe, Taraba, and Yobe;
NorthWest, consisting of Jigawa, Kaduna, Kano, Katsina, Kebbi, Sokoto,
and Zamfara; South East, consisting of Abia, Anambra, Ebonyi, Enugu,
and Imo; South South, consisting of Akwa Ibom, Bayelsa, Cross River,
Delta, Edo, and Rivers; and South West, consisting of Ekiti, Lagos,
Ogun, Ondo, Osun, and Oyo) in Nigeria, and 10 subnational units at
province level (Central, Copperbelt, Eastern, Lusaka, Luapula,Muchinga,
Northern, North Western, Southern, and Western) in Zambia.
2.3. Data sources
2.3.1. Number of pregnant women
The estimated number of pregnancies in India was obtained primar-
ily from the National Health Management Information System (HMIS)
[12]. Since a functional system to register either pregnancies or live
births is not available at primary health care centers in Nigeria or
Zambia, the number of pregnant women was calculated according to
local practice and estimated as 5% of the projected 2012 population
size based on 2006 census data for Nigeria and 5.2% of the most recent
census population size for Zambia [13].
2.3.2. Syphilis seroprevalence
Syphilis seroprevalence was calculated by dividing the total number
of pregnant women seropositive for syphilis by the total number of
pregnant women screened. Prevalence data were obtained from the
HIV Sentinel Surveillance System in India, the General Antenatal
Register (GAR) in Nigeria, and the HMIS in Zambia.
Non-treponemal tests (venereal disease research laboratory test
[VDRL] or rapid plasma reagin [RPR]) were recommended by the
national guidelines and used in sentinel surveillance programs in India
[14]. VDRL tests were used in ANC services in Nigeria to identify and
report seropositivity for syphilis [15], while treponemal tests, including
rapid syphilis tests, were applied in Zambia. Based on the correction
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sultation with local program managers, a value of 71% was used as the
correction factor to estimate the proportion of seropositive women
with both treponemal and non-treponemal syphilis test positivity
(PAS infection) for India and a value of 65% for Nigeria and Zambia.2.3.3. ANC coverage
Data on the proportion of pregnant women attending at least one
ANC visit during pregnancy came primarily from the HMIS 2010–2011
for India, the Nigerian Demographic and Health Survey in 2008 for
Nigeria, and the HMIS 2012 for Zambia.2.3.4. Screening and treatment coverage
Data of pregnant women screened for syphilis routinely collected
through the HMIS in India, the GAR in Nigeria, and the HMIS in
Zambia was used for the estimation. In Nigeria, data on treatment
coverage was derived from the aggregated statistics from the GAR
reporting system at subnational (district) level. A consultative process
among stakeholders was used to propose a treatment coverage of 50%
for all states in India and 100% for all provinces in Zambia.2.4. Sensitivity analysis
Based on the estimates ofmaternal syphilis for 2012, three screening
and treatment coverage scenarios, including current coverage, current
coverage minus 20%, and coverage to meet the WHO-proposed targets
for EMTCT of syphilis (i.e. 95% of pregnant women screened for syphilis
and 95% of syphilis-positive pregnantwomen treated for syphilis), were
used as the current, worse, and best case scenarios to calculate the esti-
mate of adverse pregnancy outcomes. The number of adverse pregnan-
cy outcomes averted by screening and treatment coverage was
calculated by subtracting the number of adverse outcomes in the cur-
rent, worse, or best case scenarios from a baseline number of adverse
outcomes estimated in the absence of any screening and treatment.Table 1
Background data for the estimation of maternal syphilis disease burden in India, Nigeria, and Z
India
Number of pregnancies
Total 29 681 000
Subnational range 1000–6 381 000
Data source HMISb
Seropositivity prevalence
Pooled national rate (%)a 0.49
Subnational range (%) 0.00–2.86
Data source HSSc
Antenatal care coverage
Pooled national rate (%)a 91.2
Subnational range (%) 67.0–100.0
Data source HMISb
Testing coverage
Pooled national rate (%)a 5.0
Subnational range (%) 0.1–69.9
Data source HMISb
Treatment coverage
Pooled national rate (%)a 50.0
Subnational range (%) 50.0–50.0
Data source Consultation with country managers
Testing and treatment coverage
Pooled national rate (%)a 4.8
Subnational range (%) 0.1–35.0
a Pooled national rate is calculated as a mean rate weighted by subnational population size.
b Health Management Information System 2010-2011.
c HIV sentinel surveillance 2010− 2011.
d 5% of the Projected 2012 population based on 2006 census for Nigeria and 5.2% of the 201
e General Antenatal Register system 2012.
f Nigerian Demographic and Health Survey in 2008.
g Health Management Information System 2012.3. Results
The background data estimating disease burden of maternal syphilis
in India, Nigeria, and Zambia is shown in Table 1. India had the highest
number of pregnant women, followed by Nigeria and Zambia. In
contrast, a higher syphilis seroprevalence was recorded in Zambia
comparedwithNigeria or India. It was estimated that, in 2012, the num-
ber of pregnant women with PAS infections was 103 960 in India, 74
798 in Nigeria, and 9072 in Zambia. Of these women, 92.3%, 77.9%,
and 90.6% attended at least one ANC visit in each country, respectively.
Nevertheless, the proportion of women attending ANC and screened for
syphilis in all three countries was lower than 50%, particularly in India
(5.0%). Moreover, the proportion of pregnant women who were
screened and treated was only 2.3% in India and 4.4% in Nigeria.
In Zambia, almost half (42.7%) of pregnant women were screened
and treated.
The estimated number of syphilis-related adverse outcomes was 53
187 in India, 37 045 in Nigeria, and 2973 in Zambia. In the estimation
scenario based on the current service coverage, approximately 872
(1.6%), 1850 (4.8%), and 1745 (37.0%) of all adverse outcomes due
to maternal syphilis were averted in India, Nigeria, and Zambia,
respectively. The speciﬁc outcomes averted by the current syphilis
screening and treatment coverage, the current coverage minus 20%,
and theWHO-proposed coverage for EMTCT of syphilis are summarized
in Table 2. Decreasing the current coverage by 20% resulted in an esti-
mated increase of adverse outcomes of 0.4% to 0.6% in India and 1.4%
to 2.1% in Nigeria, but this increase was much higher in Zambia (14.1%
to 26.8%). In contrast, if WHO coverage targets were to be achieved, a
signiﬁcant decrease in adverse outcomes would be observed in all
three countries, and particularly India (Table 2).
Subnational disease burden distribution varied greatly within
India and Nigeria. The number of women with PAS infection in four
states (Uttar Pradesh, West Bengal, Rajasthan, and Madhya Pradesh)
accounted for 76.1% of the national total of disease burden in India
(Fig. 1a). In Nigeria, the subnational burden of maternal syphilis infec-
tions was 78.8% in the south areas, from which the South West hadambia, 2012.
Nigeria Zambia
8 407 508 678 419
983 900–1 656 597 36 736–114 348












GARe Consultation with country managers
8.1 52.3
0.5–12.8 26.1–71.9
0 census for Zambia.
Table 2
Adverse outcomes associated with maternal syphilis averted by different screening and
treatment scenarios in India, Nigeria, and Zambia, 2012.
India Nigeria Zambia
No. (%) No. (%) No. (%)
Current services
Any adverse outcome 872 (1.6) 1850 (4.8) 1745 (37.0)
Early fetal loss/stillbirth 344 (1.6) 729 (4.6) 688 (36.1)
Neonatal death 144 (1.5) 305 (4.5) 288 (35.2)
Prematurity or low birth weight 77 (1.2) 163 (3.6) 153 (28.2)
Congenital syphilis 310 (1.9) 657 (5.5) 620 (42.7)
Minus 20% of current services
Any adverse outcome 558 (1.0) 1184 (3.0) 1117 (23.7)
Early fetal loss/stillbirth 220 (1.0) 467 (3.0) 440 (23.1)
Neonatal death 92 (1.0) 195 (2.9) 184 (22.5)
Prematurity or low birth weight 49 (0.8) 104 (2.3) 98 (18.0)
Congenital syphilis 198 (1.2) 421 (3.5) 397 (27.3)
Elimination of MTCT targetsa
Any adverse outcome 37 860 (70.0) 22 975 (59.1) 3241 (68.7)
Early fetal loss/stillbirth 14 925 (68.4) 9058 (57.7) 1,278 (67.1)
Neonatal death 6241 (66.7) 3787 (56.3) 534 (65.4)
Prematurity or low birth weight 3328 (53.4) 2020 (45.0) 285 (52.3)
Congenital syphilis 13 452 (80.9) 8163 (68.2) 1152 (79.3)
a Screening and treatment targets for elimination ofmother-to-child transmission (MTCT)
of syphilis: 95% of pregnant women attending antenatal care screened for syphilis and ade-
quate treatment of 95% of those infected.
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54.7% of the national total (Fig. 1b). In contrast, maternal syphilis was
evenly distributed across the country in Zambia (Fig. 1c). The subna-
tional distribution of adverse outcomes was similar to that of maternal
syphilis infections.
4. Discussion
It is widely acknowledged that the estimation of morbidity attribut-
able to maternal syphilis at the global, regional, or national levelFig. 1. Disease burden of maternal syphilis by subnational area in India (a), Nigeria (b), andremains an elusive goal due, in part, to a paucity of reliable and accurate
demographic and epidemiological data in many countries, particularly
in low-resource countries. The present analysis is theﬁrst to produce es-
timates of syphilis-associated disease burden during pregnancy at na-
tional and subnational levels, indicating that, in 2012, approximately
104 000, 75 000, and 9100 pregnant women were infected in India,
Nigeria, and Zambia, respectively.
The subnational estimates calculated herein indicate that disease
burden frequently occurs disproportionally within countries. India had
the highest estimates owing to its larger population, although the pro-
portion of syphilis-infected women was lower than in Nigeria or
Zambia. In Nigeria, more than three-quarters (78.8%) of maternal syph-
ilis caseswere found in the southern provinces, with SouthWest having
the highest estimate largely due its high syphilis prevalence. In addition,
these areas were also challenged because of the low screening and
treatment uptake. For example, only 1.2% of pregnant women in the
South East province in Nigeria had access to syphilis screening in 2012.
In addition to disease burden, the adverse outcomes associated with
MTCT of syphilis with the current screening and treatment coverage
were estimated. The estimates suggest that only 1.6% of adverse preg-
nancy outcomes in India, 4.8% in Nigeria, and 37.0% in Zambia are
prevented by current efforts in ANC syphilis screening and treatment
coverage. Although the proportion of women with access to ANC was
high in these countries, particularly in India and Zambia where more
than 90% of pregnant women attended at least one ANC visit, ensuring
that these women are screened for syphilis and that seropositive
women are treated remains a challenge. In India, more than 90% of
women were not screened for syphilis and only half of all seropositive
women were treated. In Nigeria, two thirds of the ANC attendees
were not screened for syphilis and three-quarters of all seropositive
women did not receive treatment. In Zambia, although treatment was
available to all women attending ANC, less than half were screened.
Therefore, most maternal syphilis cases and related adverse outcomes
occurred in pregnant women who had attended at least one ANC visit
in these countries.Zambia (c) in 2012. Geographic scale varies between countries for illustrative purposes.
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and treatment; many ANC facilities do not provide these services at any
points of care owing to policy constraints, logistic issues, or provider bias
[18,19]. In some cases, screening is only available in large facilities with
laboratories [20]. In others, poor infrastructure, lack of trained staff, and
inadequate supply of testing kits, drugs, and equipment also contribute
to the lack of screening. Additionally, in some ANC settings where syph-
ilis screening and treatment services are available, these may be unaf-
fordable to pregnant women [20]. Further, social and cultural factors
(e.g. stigma, lack of family support, or religious beliefs)may present bar-
riers for pregnant women to access these services [21,22].
Many efforts have been made in recent years to increase the access
and utilization of ANC services. India has introduced rapid syphilis test-
ing, integrated syphilis screening into ongoing HIV screening programs,
and explicitly changed syphilis from being an optional to an essential
part of the ANC package [23]. In Zambia, national guidelines [24] recom-
mend that all pregnant women attend at least four focused ANC visits
for counseling and education, general examinations, and screening,
prevention, and treatment of speciﬁc diseases. Rapid syphilis tests
have been introduced in Zambia in ANC settings to improve the uptake
of screening [25].
Sensitivity analysis indicates that, if the WHO-proposed EMTCT of
syphilis screening and treatment coverage targets had been reached in
2012, the number of adverse outcomes successfully averted by the in-
terventions would have increased from 872 to 37 860 in India, from
1850 to 22 975 in Nigeria, and from 1745 to 3241 in Zambia. However,
given that screening and treatment is based on early access of pregnant
women to ANC services, efforts are needed to ensure universal access to
early ANC in these countries, and particularly in Nigeria, where approx-
imately 40% of pregnant women did not access ANC. In addition,
primary prevention of syphilis in pregnantwomen and its effective con-
trol among high-risk groups is also critical in decreasing the exposure of
pregnant women to the risk of infection. A comprehensive strategy is
required to obtain long-term and sustainable solutions to eliminate con-
genital syphilis and other adverse pregnancy outcomes.
These disease burden estimates are not without their limitations.
First, the precise number of pregnant women was not available for
Nigeria and Zambia. Second, as data on laboratory test type and diag-
nostic algorithms were not available, a crude correction factor was
used to estimate the proportion of PAS. In the absence of empirical
data to better understand the timingof syphilis screening and treatment
in pregnancy in each country, the studywas limited to using parameters
obtained from published literature for all three countries. Third, most of
the data used for the estimation was derived from information systems
at a subnational level, which may be over-representative of areas with
good information systems. Finally, owing to the lack of data in India
and Zambia, the estimates relied on expert opinion of current treatment
coverage. However, it is recognized that treatment coverage is largely
subject to health facilities’ capacity to provide the service and therefore
varies within areas. Validation of these estimates through comparison
with reported congenital syphilis data was not possible as this is not
consistently reported in these three countries; nevertheless, validation
through record reviews or in countries where reported data are avail-
able could be performed in the future.
5. Conclusions
The present analysis suggests that maternal syphilis continues to be
a major public health problem and results in a signiﬁcant number of
adverse pregnancy outcomes in low-resource countries, even among
women attending ANC. Despite improvements in access to ANC, ensur-
ing that women are screened for syphilis and that infected women are
treated continues to be a challenge because of the low awareness
among providers and clients and the poor provision capacities in
many resource-limited areas. A comprehensive approach to improve
access to quality ANC services, including syphilis screening at the ﬁrstANC visit and immediate treatment for syphilis-infected women and
their partners, as well as the implementation of targeted interventions
for high-risk groups and the general population [26], could lead to the
EMTCT of syphilis as a public health problem. Further implementation
research focusing on increasing the uptake of quality ANC services,
including syphilis screening and treatment, and on the improvement
of data collection through stronger national surveillance and monitor-
ing systems is critical to assist policymakers in strengthening national
and subnational programs.
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